The alkaloid profiles of the aerial parts and the bulbs of Galanthus woronowii Losinsk. were analyzed by means of Gas Chromatography-Mass Spectrometry (GC-MS). Totally, twentyeight compounds were detected. Galanthamine and galanthine were found to be the main alkaloids both in the extracts of the aerial parts and the bulbs. Most of the identified compounds were lycorine and galanthamine-type Amaryllidaceae alkaloids.
Introduction
The genus Galanthus L. belonging to the family Amaryllidaceae, is represented by 14 taxa and one hybrid in Turkey. Among these taxa, Galanthus woronowii Losinsk., is found in north-eastern part of Turkey [1, 2] . Previous phytochemical investigations have revealed that the genus Galanthus L. (Amaryllidaceae) is a very rich source of chemically diverse alkaloids, a quite number of them reported to be new compounds [3, 4] .
G. woronowii is also distributed in Caucasus, Transcaucasus, Southern Russia and Georgia. Moreover, G. woronowii with broad green leaves is an attractive plant used in gardening and also for decorative purposes [1, 2] . Previously, G. woronowii has been a subject of several phytochemical studies such as isolation of galanthamine, lycorine, tazettine, galanthine and sanguinine [5] [6] [7] . In the present study, the alkaloid profile of G. woronowii was investigated by GC-MS. To the best of our knowledge, this is the first report of a GC-MS study on the alkaloids of G. woronowii of Turkish origin. Moreover, AChE inhibitory activity potentials of the extracts prepared from G. woronowii were examined spectrophotometrically by using a micro-plate assay modified from in vitro Ellman's method with 96-well micro-plate reader [8] .
Materials and Methods

Plant Material
Galanthus woronowii Losinsk. was collected in 2009 from Derepazarı-Rize north-east of Turkey. The plant was identified by Prof. M. Ali Önür (Ege University). A voucher specimen (No: 1417) has been deposited in the Herbarium of the Department of Pharmacognosy, Faculty of Pharmacy, Ege University.
Extract Preparation
The extracts were prepared from the aerial parts and the bulbs of G. woronowii. Air-dried, powdered plant material (500 mg) was separately extracted 3 times with methanol (5 mL) at room temperature. The solvent was evaporated under reduced pressure, the residues dissolved in 10 mL 2 % sulfuric acid and the neutral compounds were removed with diethyl ether (3x10 mL). The acidic aqueous phases were basified with 25 % ammonia to pH 9-10 and the alkaloids were extracted with chloroform (3x10 mL). The combined chloroform extracts were then dried over anhydrous sodium sulphate, filtered and the organic solvent was distilled in vacuo to afford the alkaloidal extract [9] . Prior to the GC/MS analysis, the extracts were dissolved in CH 3 OH (5 mg extract in 250 µL CH 3 OH).
Gas Chromatography-mass spectrometry (GC/MS)
The alkaloids were detected by capillary gas chromatographymass spectrometry (GC/MS) on a Hewlett-Packard Table 1 . The area of the GC-MS peaks depends both on the concentration of the corresponding compound and on the intensity of their mass spectral fragmentation. The data given in Table 1 do not reveal a real quantification. However, they can be used for a relative comparison of the alkaloids.
Acetylcholinesterase (AChE) Inhibitory Activity
AChE inhibitory activity was assessed spectrophotometrically by using a micro-plate assay modified from Ellman's method with 96-well micro-plate reader, as previously described [8, 10] . The dilutions of each sample were prepared to get final concentrations ranging between 75-7.5x10 -5 µg/mL. The inhibitory concentration of 50% (IC 50 ) was determined by a GraphPad Prism V3.0 software (GraphPad Software, San Diego, CA, USA). Galanthamine was used as a positive control.
Results and Discussion
Totally, twenty-eight compounds were detected by GC/ MS ( Table 1 ). The structures of the alkaloids were given in Figure 1 . The identified alkaloids belonged to galanthamine-, lycorine-, tazettine-, and phenanthridinetype Amaryllidaceae alkaloids plus two other bases tyramine (1) and hordenine (2) were reported. The results of the chromatographic determination indicated that G. woronowii is a rich source of lycorine-and galanthamine-type Amaryllidaceae alkaloids. Galanthamine, an anti-Alzheimer drug [11] (4) and galanthine (15) were found as major alkaloids in both of the extracts. Also, lycorine (18) an alkaloid with different biological activities [12] , methylleucotamine (23) and narwedine (8) were detected. In addition to these findings, one tazettine-type alkaloid, deoxytazettine (11) and one phenanthridine-type alkaloid, 5,6-dihydrobicolorine (3) were determined. Interestingly, two compounds (GW-1 and GW-2) (14, 21) showing mass spectral fragmentation of lycorine-type alkaloids were recorded by GC-MS in the alkaloidal extracts.
Previous karyological research on Turkish Galanthus populations indicated a polymorphism existed among different karyotypes and SAT -chromosomes which might be important in the alkaloidal variation [13] [14] [15] . Up to date, phytochemical studies carried on various Galanthus species revealed that they were an intruguing source for alkaloids with diverse chemical structures [3, 4, 7, 9] . This may be due to several factors including polymorphism and exogenous influences such as collection site and seasonal growth. Moreover, in support of this idea, our previous investigations on different specimens of Galanthus woronowii collected from different localities revealed that the quantities of bioactive alkaloids lycorine and galanthamine ranged between 0.008-0.364 % and 0.003-0.506 % [16] .
In conclusion, it is evident that the qualitative and quantitative alkaloid composition in G. woronowii specimens shows significant variation and GC-MS is proved to be a fast and relieable technique allowing identification of alkaloids in these plants.
Both of the extracts showed potent AChE activity (aerial parts:IC 50 = 0.027 µg /mL and bulbs: IC 50 = 0.084 µg/mL) which may be due to the presence of galanthamine-or lycorine-type Amaryllidaceae alkaloids. Especially, the presence of galanthamine (IC 50 = 0.15 µM) and galanthine (IC 50 = 7.75 µM) in both of the extracts may well contribute to the AChE inhibitory activity of the extracts [7, 11] .
